This K21++/CD23++ subpopulation of cells is localized in the apical light zone of germinal centers, suggesting that K21-Ag may be an important marker for the selected centrocytes within germinal centers and may play a role in B-cell selection and/or development of B-cell memory. Flow cytometric analysis showed that K21-Ag is expressed on the surface of a very low percentage of thymocytes, tonsillar lymphocytes, and peripheral blood mononuclear cells. Analysis of purified/separated tonsillar T and B lymphocytes showed that T cells do not express the K21-Ag; in contrast, B cells express low levels of the K21-Ag, and this together with CD23 is upregulated after mitogenic stimulation. Our data therefore raise the possibility that the K2 lAg may play a role in B-lymphocyte activation/selection.
INTRODUCTION
Monoclonal antibodies (mAbs) have provided valuable tools with which to study anatomical and Corresponding author. functional niches within the thymic microenvironment Ritter and Boyd, 1993) . Several of these mAbs, raised in our laboratory to both human and mouse thymic epithelial cells, have been shown to detect antigens shared by thymic epithelium and leukocytes (DeMaagd et al., 1985; Kampinga et al., 1989; Imami et al., 1992) . One such molecule, gp200-MR6, which is expressed by human thymic cortical epithelium, is thought to be functionally associated with the human interleukin-4 receptor (IL-4R; Larch6 et al., 1988; Imami et al., 1994; A1-Tubuly et al., 1996) . These data, together with our observations that the phenotype of thymic epithelium can be modulated by suggested that lymphocyte-derived IL-4 might play a role in maintaining the thymic microenvironment (Freysd6ttir and Ritter, 1998) . In order to further analyze IL-4R structure and function on thymic epithelium, we attempted to generate mAbs to the human IL-4R following immunization of (CBA/BALB/c)F1 mice with keyhole limpet hemocyanin (KLH)-coupled synthetic peptides based on the published cDNA sequence of the 140-kD chain of the IL-4R (CD124; Galizzi et al., 1990) . After fusion and subsequent cloning, several mAbs were identified that were reactive with thymic epithelial cells and lymphocytes, although their distribution did not resemble that of the IL-4R, as revealed by fluoresceinated IL-4 (Mat et al., 1991) .
We have now analyzed these mAbs further and show that one of them, mAb K21, which labels thymic Hassall's corpuscles and surrounding patches of medullary epithelium, also recognizes tonsillar epithelium and germinal center cellsmboth lymphoid cells and some with the appearance of follicular dendritic cells. 
DISCUSSION
The aim of this study was to raise mAbs to the IL-4R as part of the project to explore the role of cytokine/ cytokine receptor interactions between the thymic stromal microenvironment and the maturing T lymphocytes, since it has been shown that interactions such as those occurring between IL-4/IL-4R and IL-7/IL-7R are important in development of both thymocytes and the thymic epithelial component Peschon et al., 1994; Zlotnik and Moore, 1995; Freysd6ttir and Ritter, 1998 ). Although we immunized with known peptides of the IL-4R, after the fusion, selection, and subsequent cloning, none of the mAbs showed recognition of the IL-4R. However, some of them showed reactivity with thymocytes and/ or the thymic epithelial cells. K21, which recognized Hassall's corpuscles and associated medullary epithelium, was selected for further study.
It is not clear why the methodology used failed to generate mAbs to the IL-4R. Mice were immunized with a mixture of five different synthetic peptides based on the sequence of the human IL-4R. Peptides were selected for their potential immunogenicity and exposure on the surface of the native molecule, and were coupled to KLH to provide a highly immunogenic carrier. The failure to generate anti-IL-4R mAb may result from close conservation of sequence between mouse and man; alternatively, the threedimensional structure of the peptide-carrier complexes may differ from that of the equivalent sequence in the native molecule.
The generation of non-IL-4R mAb was not unexpected since similar findings have been observed previously in our laboratory as well as by other investigators (Sharif et al., 1990; Freysd6ttir et al., manuscript in preparation) . One possibility is that we have selected auto-antibody producing cells that cross-react between species. Thus, human antiGlcNAc antibodies cross-react with cytokeratin from human skin (Shikhman and Cunningham, 1994) , although the 230-kD K21-Ag is too large to be a keratin (Laster et al., 1986) . Moreover, the mAb TOTO-1 generated from a patient with systemic lupus erythematosus (SLE) has been shown to be reactive with Hassall's corpuscles, indicating the presence of autoreactive antibodies with specificity for thymic epithelium (Numasaki et al., 1995 Gray, 1993; MacLennan, 1994 (Prevot et al., 1992 ). These differences might reflect differences in the lymphocyte populations involved in the two disease situations since maintenance of medullary epithelium is known to be influenced by the surrounding thymocytes . Thus, loss of mature medullary thymocytes either due to cyclosporin A treatment or in T-cell-deficient mice leads to loss of the thymic medullary epithelium (including Hassall's corpuscles) (Kanariou et al., 1989; van Ewijk, 1991; Palmer et al., 1993 
Fresh stromal cells and human thymic epithelial cell cultures
The remaining thymic stroma (sedimenting fragments) were processed by digestion in collagenase and epithelial cells were further isolated and cultured as described by Freysd6ttir and Ritter (1998) . Cells were cultured for 8 days in either medium only, IFN y (100 U/ml) or IL-4 (25 U/ml) (both Genzyme, West 
Human epithelial cell line, HT29
This is a well-differentiated colonic carcinoma cell line (American Type Culture Collection, ATCC, Rockville, MD; Fough and Trempe, 1975) . Cells were cultured in RPMI 1640 supplemented with 10% fetal calf serum (FCS), L-glutamine (2 mM), sodium bicarbonate (2 g/l), penicillin (100 IU/ml), and streptomycin (100 /xg/ml) (all ICN Flow). HT29 epithelial cells were grown in glass slide flasks (Nunc, Roskilde, Denmark) until confluent, washed extensively in phosphate-buffered saline (PBS), fixed in acetone for 10 min, and the immunoperoxidase staining was performed as described in what follows.
Source of Antibodies
K21 is an IgG1 murine mAb, reactive with Hassall's corpuscles of the human thymic epithelium, raised following i.p. immunization of (CBA/BALB/c)F1 mice with synthetic peptides (MKVLQXPTCVSDY, KPSXHVKPR, SXNDPADFRI, WSXWS, and FVSVGPTYMRVS coupled to KLH), based on the published cDNA sequence of the 140-kD chain of the IL-4R (Galizzi et al., 1990) , and fusion of immune spleen cells with NSO myeloma cells (Kearney et al., 1979) . Immunization, fusion, HAT selection, and cloning were carried out as described previously (DeMaagd et al., 1985; Ladyman and Ritter, 1995) . Screening was carried out by ELISA using immobilized individual peptides and by indirect immunoperoxidase staining of frozen tissue sections of human thymus.
MAb K21 was used as tissue-culture supernatant and its isotype determined using an isotyping kit (Serotec, Oxford, UK). Mouse anti-human CD3, CD4, CD5, CD7, CD14, CD 19, CD20, CD22, CD23, CD45, and CD68 were also used as primary antibodies (all Dako, High Wycombe, UK). MAb MR6 (recognizes the gp200-MR6 molecule) is an IgG1 murine mAb and was used as tissue-culture supernatant (DeMaagd et al., 1985; Larch6 et al., 1988; Imami et al., 1994 For Western blotting analysis, 30 sections of frozen human tonsil tissue were cut on a cryostat at a thickness of 10/xm and lysed for 10 min in ml of ice-cold lysis buffer (10 mM Tris/HC1, pH 7.4, containing 150 mM NaC1, 0.5% NP-40, and mM PMSF; all Sigma) and then centrifuged in a 1.5-ml plastic tube (Eppendorf, Hamburg) at 13,000 g for 4 min at 4C. The cell-free supernatant was mixed with an equal volume of either reducing (10% 2-ME or 300 mM DTT) or nonreducing double-strength Laemmli sample buffer, subjected to SDS-10%PAGE (Laemmli, 1970) pended in 2 ml of RPMI medium, and loaded on a prewetted nylon wool (Biotest, Dreieich, Germany) column (0.2 g/2 ml column). The columns were then sealed and incubated at 37C for 30 min, T cells were eluted by washing the columns twice with 10 ml warm (37C) medium, while B cells were collected by applying 10 ml of ice-cold medium and agitating the wool vigorously. A sample of each of these cell preparations was stained by indirect immunofluorescence using both pan-B-and pan-T-cell markers (CD20, CD19, CD22 and CD3, CD5, CD7, respectively) to gauge their purity (using flow cytometry as described before). Tonsillar E-rosetted cells were routinely 80-90% (CD3/) T cells, <10% (CD20+) B cells. Tonsillar nylon-wool-bound cells were routinely 90-95% (CD20+) B cells, <5% (CD3+) T cells. In all experiments, 1% to 3% were monocytes (CD14/, CD68/). Separated B cells were cultured in both the presence and absence of lipopolysaccharides (LPS; 10 /zg/ml; Sigma) for 24 hr, harvested, and analyzed by flow cytometry as described before.
